The study was carried out to select best alternative method for the estimation of reference evapotranspiration (ET 0 ). Accurate estimation of potential evapotranspiration is a necessary step in water resource management. Recently, the FAO-56 version of Penman-Monteith equation has been established as a standard for calculating reference evapotranspiration (ET 0 ) which requires measurement of a number of meteorological parameters namely, air temperature, relative humidity, solar radiation, and wind speed which may not be available in most of the meteorological stations. Still there are different approaches (requiring less data) which estimate ET 0 closely to PenmanMonteith (P-M) method for different climatological conditions. The present study is based on analysis of long term of 13 years (2000 to 2012) climatic data to calculate monthly reference evapotranspiration for Capsicum production (September-March) and also to compare the performance of evapotranspiration equations for Jhalawar district of Rajasthan with the standard FAO-56 Penman-Monteith method on the basis of the least root mean square error (RMSE) analysis. Hargreaves method and Pan evaporation (E-Pan ) method overestimated the values of ETo when compared with FAO-56 Penman-Monteith method. On the basis of lowest value of RMSE, Pan evaporation method is found best alternative method to FAO-56 Penman-Monteith method in the study area.
INTRODUCTION
defined reference evapotranspiration (ET 0 ) as "the rate of evapotranspiration from a hypothetical reference crop with an assumed crop height of 0.12 m, a fixed surface resistance of 70 s m -1 and an albedo of 0.23 closely resembling the evapotranspiration from an extensive surface of green grass of uniform height actively growing completely shading the ground and with adequate water. The combination of two processes i.e. evaporation and transpiration is called Evapotranspiration. Evaporation is the process where by liquid water is converted to water vapour and removed from evaporative surface. Transpiration consists of the vaporization of liquid water contained in plant tissues and vapour removal to the atmosphere. Evaporation and transpiration occur simultaneously and there is no way to distinguish between the two processes. The most common and important factors affecting evaporation are solar radiation, temperature, relative humidity, vapour pressure deficit, atmospheric pressure, and wind (Kumar et al., 2013) . Evapotranspiration not only plays a major role in global water balance but also significantly influence the global energy balance (Nikam et al., 2014) . Evapotranspiration is one of the most important and complicated phases of the hydrological cycle. Hence, quantification of evapotran-ISSN : 0974-9411 (Print), 2231-5209 (Online) All Rights Reserved © Applied and Natural Science Foundation www.jans.ansfoundation.org spiration is necessary for water resources management, irrigation scheduling and environmental assessment, design of reservoirs, irrigation systems, water balance and simulations studies Jensen et al. (1990) . Several methods have been developed to assess ET 0 based on temperature, radiation and their combination. Performance evaluation of all the approaches is prerequisite for selecting an alternative approach in accordance with available data. Solar radiation provides the energy required for the phase change of water and often limits the evapotranspiration (ET) process where water is readily available. A number of ET equation methods have been developed based on energy balance (Turc, 1961; Priestley and Taylor, 1972; Doorenbos and Pruitt, 1977) . Jensen et al. (1990) found that radiation methods considerably underestimated evapotranspiration for rates greater than 4 mm/day. George et al. (2002) have developed decision support system for estimating reference evapotranspiration using temperature, radiation and combination methods. Specific devices and accurate measurements of various physical parameters of the soil water balance in lysimeters are required to measure actual evapotranspiration. These methods are often expensive and require accuracy for measurements. Direct methods are inappropriate for routine measurements. It is important to evaluate the ET 0 estimated by indirect methods. Due to simplicity in indirect methods, weather parameters are used for estimation of ET 0 (Meshram et al., 2011) . In search of the best ET 0 model for global application, many researchers (Allen et al., 1998; Villa Nova et al., 2007) have compared different reference evapotranspiration models. Sikka et al. (2001) ; Kar and Martha (2006) and Meshram et al. (2010) have provided the detail reviews on the comparison of different models and concluded The Penman-Monteith model is the most appropriate for determining ET 0 . Owing to its superiority tested worldwide the "physically based" combination approach of FAO-56 version of Penman-Monteith (FAO-PM) equation has been accepted as a standard for calculating reference evapotranspiration. Superior accuracy of FAO-56 Penman-Monteith methods is also verified in Indian conditions by Kashyap and Panda (2001 (Allen et al. 1988) . Giridhar et al. (2004) compared ET 0 values estimated through various ET 0 equations with FAO-56 PM method for different irrigation project locations in Andhra Pradesh. Lakshman and Gicy (2006) studied the performance of various ET 0 equations and concluded that there is growing evidence to show that the more physically based FAO-56 Penman-Monteith (PM) combination method yields consistently more accurate ET 0 estimates across a wide range of climates. Rahimikhoob et al. (2012) evaluated the performance and characteristic behaviour of four equations for estimating reference evapotranspiration (ET 0 ) at eight meteorological sites in a subtropical climate and concluded that good performance from the modified Hargreaves (equation (0.53 mm d −1 of RMSE) must be emphasized, given the simplicity of that method, which only requires maximum and minimum air temperature data. The objectives of the present study to select best alternative method for the estimation of daily and monthly reference evapotranspiration (ET 0 ) for Jhalawar district (Rajasthan), India. Therefore, two most popular approaches Hargreaves and Pan evaporation based on very less number of meteorological data, were used to estimate daily and monthly reference evapotranspiration (ET 0 ) compare the performance of these equations with FAO-56 Penman-Monteith method.
MATERIALS AND METHODS
Study area: Jhalawar district is located at 23°45" to 24°52" N-Latitude and 75°27" to 76°56" E-Longitude in south eastern Rajasthan. Agro-climatically, the district falls in Zone V, known as Humid South Eastern Plain. The rainfall is mostly concentrated in four monsoon months of June to September besides some regeneration in the winter months. On the basis of available rainfall data, the average annual rainfall in the study area is 910 mm (Singh, 2016) . Maximum temperature range in the summer is 43-48 °C and minimum 1.0-2.6 °C during winter. The district is having conspicuous physiographic variations comprising undulating or flat terrain. About 78.5 percent population of the district is rural whose main occupation is agriculture (Anonymous, 2011) . Meteorological parameters viz., maximum temperature, minimum temperature, minimum relative humidity, maximum relative humidity, wind speed, sun shine duration were collected from CSWCRTI, Kota and analysed for capsicum (Capsicum annuum L.var. grossum), popularly known as sweet pepper, capsicum and shimla mirch (September-March) for a period of 2000 to 2012. In the present study, the same method was chosen as the standard method against which performance evaluation of the other methods was carried out. The average monthly ET 0 were calculated on the basis of meteorological data. The ET 0 values estimated from Hargreaves methods and Pan evaporation method were compared with the standard method i.e., FAO-56 PM on the basis of the least root mean square error (RMSE) analysis. RMSE provides a good measure of how closely the datasets match (Ventura et al., 1999) . The RMSE was calculated by using the equation (1) (1) Where, n = Number of observations ETo 1 = Estimated ETo, by P-M method ETo 2 = Estimated ETo, by one of two methods
FAO-56 penman-monteith equation:
The definition of ET 0 by Allen et al. (1994) was the basis for FAO Penman-Monteith method in the estimation of Reference Evapotranspiration. The FAO-56 PM is a physically based approach that requires measurements of a number of meteorological parameters. Biswas et al., (2014) computed actual crop evapotranspiration (ET 0 ) by multiplying the reference evapotranspiration (ET 0 ) with crop coefficient (K c ) for different growth stages of the crop. The monthly reference evapotranspiration (ET 0 ) was estimated by using the "CROPWAT 8.0" Model based on FAO Penman-Monteith (Allen et al., 1998) method from the available data of temperature, relative humidity, wind speed at 2 m height and sunshine hours. The FAO Penman-Monteith method to estimate reference crop evapotranspiration is as follows (2) 
weather data is limited. The method was developed in Davis, California from a lysimeter study on Alta fescue grass. This is an empirical estimation method that uses the average daily air temperature, T (°C), in combination with the extraterrestrial radiation, Ra (MJ/m2/ day) as an indicator of the incoming global radiation. Hargreaves equation can be written as:
(3) Where, R s = Global solar radiation (mm/day) T a = daily average temperature 0 C (4) Where, R a = extraterrestrial radiation (mm/day) k r = empirical coefficient depending on station location Hargreaves (1994) recommended using K r = 0.162 for "interior" regions and K r = 0.19 for coastal regions. (6) (7) (8) Pan evaporation method: The Standard US Weather Bureau Class A pan was used to measure evaporation data in the field. Evaporation pans have higher rates of evaporation than a large free water surface, and a factor is usually recommended for converting the observed evaporation rate to those of large water surface areas. This factor is called pan coefficient. Reference evapo-transpiration was calculated by multiplying pan evaporation data (E pan ) to pan coefficient (K p ). 
